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ABSTRACT
THIS ATLAS, AND THE SERIES OF WHICH IT IS A PART, IS COM-

PUTER GENERATED AND AUTOMATICALLY PLOTTED. IT MAKES AVAILABLE TO
THE, USER THE MOST RECENT SURFACE CURRENT DATA COLLECTED AND WILL BE
UPDATED WHENEVER SUFFICIENT AMOUNTS OF DATA ARE ADDED TO THE DATA
FILE. THIS AND THE OTHER ATLASES ARE BASED ON A VAST UAl TIT17 OF
DATA AS CCONPARED TO THE PREVIOUS MANUALLY-COMPILED EDITIONS PRINTED
IN THE MDM'THIRTIES.

THE SURFACE CURRENT INFORMATION IS BASED MAINLY ON SHIP
DRIFT, WHICH IS THE DIFFERENCE BETWEEN THE DEAD RECKONING POSITION
AND THE POSITION DETERMINED BY ANY TYPE OF NAVIGATIONAL FIX.
THIS DIFFERENCE DESCRIBES THE DIRECTION AND SPEED OF THE CURRENT.
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FOREWORD

THIS ATLAS, ONE IN A SERIES OF 43 REGIONAL SURFACE CURRENT ATLASES,
IS PRODUCED TO FULFILL A NEED OF NAVY PLANNING STAFFS AND THE SCIENTIFIC AND
INDUSTRIAL COMMUNITIES FOR THE LATEST AVAILABLE OCEAN SURFACE CURRENT DATA.
THESE ATLASES ADD TO THE WEALTH OF NAUTICAL INFORMATION UPON WHICH OPERA-
TIONAL PLANNING, NAVIGATIONAL SAFETY, AND SHIPPING ECONOMY DEPEND. RAPID
PRODUCTION AND WIDE DISSEMINATION OF THIS ATLAS ARE MADE POSSIBLE B THE
LATEST COMPUTER TECHNIQUES.

THE CONSTANT IMPROVEMENT I THE QUALITY OF SURFACE CURRENT DATA
RECEIVED OVER THE YEARS IS MADE POSSI3LE LARGELY BY THE MORE THOROUGH REPORTS
OF VOLUNTARY OBSERVERS IN RECENT YEAR,. THE DEFENSE MAPPING AGENCY, THE
OCEANOGRAPHIC OFFICE, AND THE USER OF THE ATLASES RELY ON THE PERSONAL OB-
SERVATIONS OF THE MAN WHO HAS "BEEN TH71RE." MARINERS, IN REPORTING THEIR
OBSERVATIONS, RENDER A SERVICE NOT ONL TO THEMSELVES BUT ALSO TO ALL "WHO
GO DOWN TO THE SEA IN SHIPS." WITH THE ADVENT OF NUCLEAR POWER, ELECTRONIC
NAVIGATION AIDS, AND 300,000-TON SHIPS, UP-TO-DATE, RAPIDLY DISSEMINATED
ENVIRONMENTAL AND NAVIGATIONAL INFORMATION HAS BECOME INCREASINGLY IMPORTANT.

?9~~ Acaession For
JON R. NcDOI NELL NTIS GRA_
Captain, U.S. Navy DTC TAB
Commander Umamouncd

Jutiftatlon
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SURFACE CURRENT ATLASES

THIS SERIES OF C(MPUTERIZED ATLaSES REPLACES THE OLD1 HYDROGRAP!!IC OFFICE AS AMOUNTS OF NEW DATA WAI
ATLASES OF SURFACE CURRENTS (HOP 566, 568, 569, 570) WHICH WERE MANUALLY
COMPILED FROM DATA OBTAINED DURING THE PERIOD 1903 - 1934. THESE NEW ATLASES THESE GRAPHICS MAY 4
CONFORM TO THE STANDARD NAVY OCEAN AREA AND REGION INDEX LIMITS SH(CWN BELOW: AREAS AS THE NORTH SEA, PE

egNOD SP 1402-NP 10 COVERS NORTH PACIFIC REGION 10 EAST OF THE PHILIPPINES, CURRENTS ARE STRONGLY TIDtl

RECENT IMPROVEMENTS IN THE DATA FILE ASSURE THE INCLUSION OF THE LATEST,
HIGH QUALITY SURFACE CURRENT DATA AVAILABLE. THE FILE NOW CONTAINS MORE
THAN 4,200,000 OBSERVATIONS AND A GENERAL UPDATE OF THE FILE WILL BE MADE
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Introduction If there tre 12 or more obser
by vector resvltants as fl

The Surface Current Data File. from which these atlases are derived, consists primarily
of over four million ship set and drift observations. These data were collected by the

4! Netherlands. Japan. Britain, France, and the United States. The file is supplemented
by several thousand Geomagnetic £lectrokinetograph (G£K) observations. mostly Japanese.
The file spans the period from the early 1850's to the present. The earliest observa- rS
tions were collected by the Netherlands and Great Britain; thoie of the 1960's throuk
the prusent are priarily United States data.

General Quality 4,

The quality of this data file is considered high for this type of derived value. The /T7he
data have been carefully screened for duplication; observations taken under adverse
conditions (i.e. high winds and waves, time between observations greater than 12 hours) f t

have been eliminated when warranted. Consideration was given to the reliability
of the observer; doubtful shipboard coeputations of set and drift were edited; and ob-
servations with erroneous locations (mostly observations on land) have been eliminated
The Accepted data are considered most useful when used collectivity as in suimaries s 4
where a number of observations show trends.

General Observation Technique

The set (direction) and drift (speed) are computed by the navigator from the difference
between the dead reckoning (DR) position and the position determined by any type of
navigational fix. The drift can be determined along any straight line track and includes (1) Persistent Current 60 percent or ante of (2) Prevai
all factors which cause changes in the DR position. When a fix is obtained, the current all observations fall within a 45

° 
sector all ol

set (direction) is FROM the DR position TO the fix; the drift (speed) i equal to the of the 8-point compass. 45* s
distance in nautical miles between the DR and the fix, divided by the number of hours
since the last fix. For successive observations, the TO POSITION of one observation

becomIes the ION POSITION of the next observation.

Because the influence of current may vary along a ship's track, the WAN POSITION of
the track ts assigned as the geogrzphic location of the current observation. An example
of a current coputation is shown in the figure ,elow.

-'. Al UCOUSL. SAIfED, 075oT SPIED, 21 KN
45"W 4 at 'OURIH -ADE GOOD, 012*Tj SPIED,

I C 0 JAItEN, T 13,-,, SPIED, I1, KN

C' 'N

&4gs 44136 44o24 44o12
'  

44000'

EXAMPLE OF A SURFACE CURRENT ISHIP'S DIFTI OSSEIVATION

(4) Bizonal Flow - Practically all observa

Data Presentation are concentratel in opposite pairs of
sectoro, and one pair contains at leas

The tollowing legend shows two types of surface current presentations by 1 quadrangle, 80 percent as many observations as the

type I with 12 or more observations and type 2 with fewer than 12 observations. Where pair. This generally indicates variab
there are 11 or fewer observations within a I' quadrangle, the total number of observa- that occurs in zones of entrainment be
tions is sIown within the 90" quadrant containing the observations, opposing currents (see examples A and I

quadrangles 1. 2, and 3).
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If there are 12,or more observations in a 1 quadrangle, the surface current is depicted
by vector resuitants as follow:
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(4) lizonal Flow - Practically all observations (5) Variable Current - The 45* sector with
are concentrated in opposite pairs of 45* most observations has less than 25 percent of
sectors, and one pair contains at least all observations; direction is indetarminate.

V quadranfle 80 percent as many observations as the oppositeti. oquaahre pair. This geaerally indicates variability
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quadrangles 1, 2. and 3).

A
FIR FIX OR

OR ALL OltStiVATIMk.

ECTIO . 0.6 KOT r _

IT _LAND__________-



85 E 90- E + 95 E, 100 +- 10 E+ 1I O

1 ,4 .. 4 .. o1+ -.1 - nt n nI. I I ,I I 1 o e eu aJ eI

is 3 Aq II N? w 11 W. i , , is., w'.. au295 n" ,nt a - nt wI me6 m3 c
%' 1 J. - p 1 of to I , 'I I 4 1 1 # . I It1

SO . , , of. I no .o, asI o ,a;t a
0 4| It o 0' 11 11 o eI t I I I I" 1 1 1 1 1 14 1 a 1 1 1

ito 2 7 w o- in+ 00 1
+ 

IN "' In Iiin$ ; Ii t 0 I n ol a" 0 s mp .|1 n I wIit 6- I-t n " -a It" is- p 1"I
I, I 64 1 I I 1 to I..... ...... t

s. p it Of .on o to j is I oil I Iw Is me to i s I ,, I I • I m, $ to;

is It 1 1 14 6 gl so, t I I I II I ,-#

f I W., to if . I, ,5Io ,I -,., A .+ :/ ; , . ' .+'.+ . " , . , 1, . . ,,. ",I, I. "s :,. .o,o, ,Al ,. . . . .o . .Q, 4),, o ' ' a t t 0 a 0 6 11 t oIt o6 4 o t oa I I ',, o to . a
1. Is"I me N. ; . .,410 ,, I o , ,meI I. , , 1.' ,,., ' N ,o, . , . . . ,

o+ 4 to1, . 4
to,+ aN .?o s to IP- 1 ,,- ,," ,Is . I -I I. I . I .# 6I on 4 ' on " op4 %-1 oeI o uo"* ? 2 30 co u

.1 s 1, 1 1 eJ |I I I I I I I I0 II ' Il l I I Ilio l ~ ~1, a .... 1,,, ,,, ,. , .,. 1- i-, 1., 4 '., , *.+ I.. . 1, .. 1. ., . o,. I. ,,. to I , to 'oa00
t' I , , , . a. I ., I', 1 .1, to I. + I 1 44v. 1 0 m .4,*, an, o 1%1 mo, we I o.I No t, I +e 41. $" me, rot of a . .Io ono

a , I I I I II 0 1 0 1 1 oO 0 4 l

1,4, to. I o I. , +. + , a O , .4 o a I ,, o , , , +. , , a 4 , I o J oootoI % I , I ., II I -, -. a 1 11. ,1
I isI I so Y 3sOa Os44am s I

I I 'a 0 1 o a t o0 o.o ' I, I I, I o , 1' .114 oa o 111 G a 1 ,Ia
I 0oa I 0 1 o t IS I I tme n n5 ltI alo W2 QI t v I o, ,,1 wo ,1 441 °" "1 m,, o, 's o % w 1 oo it

,.~~~ .to, . a+ o o to I. o , o o " +o oo +" '
11 -1 o.. ; o o oI o o '1 o o to I to 31 1* o I , o oto o . ,, In o0,, W, m, ,,l~ w,:, o, ,a ., to ..

+" 4 I I s e 5i 1i 10 1 1to o . o o I o o o t+ o t o, a+ I+ to 1 , 1 ao 4 1 t
'a, , msooQa o , c a o Io 1 % 6 1,to 6a aot to oo o ,%

PO~ O1 441 2 4 1' 1 1 2 6 3 a1 I O IO a I0 a $ 2
t

, ' oi, 'o,," o.o Itc ,t
01 1 to a o a I o I I I. I . l I o ol I I I I to 1 .0 0 1 o1 6oO

to I+ 1@ 60 oI o0 I tl 6 10 oI a C =
I 

a IO Ql I to to all I t Il

... It me-*,, w

, o o +0 " ' c, 1' oo , o o 0 to o a . to o. . . , o a t o I ' o o
o l I

°  

0 I atoe I 0 I a to 1 A 1 I I 0 I o 0 I to I0

me 0114 we an a ad w e to I I01 I,+ to to 1 41
0 

1 to Q one on ol Q In*~iI --. . I++ 4° 5 S °'
o 0 I to1 a 0 0 to o 0 I o I a1 a

I.....' e a o do i , jo- " o , vo 4.... " o e3 w wI"o noo

a + ' , , ,
to toa0 t I to a o1 a0 I. I o I. o I I o 0

I to1 I
o

a$ 3 o IiI 3 I oII 
1 

11 Q c 
o  

2

Into we IwoI nt msoe I S 0 w0 to I me 040 oI

to IwI

.,, .,o I 49 S
85 E 90 E gS F 0(nn F . L - +



70 E 75 E 30E 85 E 90 E 95 E
29S , a. , , , , , ;., : ,, ,.: '-.I. If. a. I .I s ,, . , , , , 1 .1, ,1 " to " , 1. , . , : I ' . ' , .a ,,

4111 30. , ,.e , .. .101 3 . . . .310 ,.y W AF " m i, two, ,1, , F" .. , a

in aml 
I  

a=:
I  

314 11 wI I 
I 

We 11 0 =
I  

011 Me
t  

1"
o 

0 a M I, W s I-- I Je W s M

I t I It 01 1 0 2% i i 1 0 1 1) I 0 i 4 1 1e 2e 1 6 a 1 6l 1 0 1 1 0 3 1 aI# I a 3 1 1 1

o i 1. i3l N1 opi1 i l ~ l i1 l~ l I l 301 !40 m Ii M@ 0 I as i
I

'011 IN I

t O I I i l 0i I I|1 1 0 1 4 Is 1I II II It l l

It 1 9l 0 I 1 i 1 11 i1l 1l 1l IIa I~i I1 f Ii I I %i:' $11 0 31 1

4e
o

G J..'. anM.1 .1

If. :., I. . .' , , . ,' at
I I Ia 0@ 1 6 1 0 0 +1 I s

0 5S I 
I

I M 
I  

t 
0 

J. ,:a ' 
I  

se0 in I 
1  

I M
I  

I in) M I I $ M 3 m 0 I I soI

6 13It3 It 0 49 1 1 11 i s II I 11 "I

0 . . 1 .: , , .P4 so , I 'I
Sole M 0l an*o 640

i~ wne 3ml I'ml~ ofl M It i a"-06 ar w

.1 1 3 a G I 3 F i t I it 0 A I y 4 9 1 11 " a 0 a 0 #o 0

It 3 ! I I1 3 1 1

OW a I or 0 i me 'a of a

Is 4 1 1 311 3 11: !0 ..
II~wl 114. 1ll 10 I

I  
141 i|0 i1 i| 1. 1 1M a I 111 m 10 I I O

a' ,4 a 2 a C' 3' ... ,. 4'" ,o 1 1' t
1,00 ,

O  

3110 M peI 0Go

1 4

2 'r* t a , I ,+ I 1' 1 .01 1a. 1o , 1. 0o ao I. Io a , 1. ,0 1, 1, 01_ 4

S'a ' 1,1 O a '02 ao 4 ,I ,: . Io oI 1 0', 2' 1 ' 0 111 1 0 0 A o0a0J
Mel M0 I~ f I oa M a oo 9 o I its 0 W 03 o I I tel 0@. n

0 IS1 6l i0 $ 
Iti 10i |0 0 lr k

011 aO a* 01

++ ~~ ~ 0 3 1 0 o+' I,'o+' o'

0~i s lo I
O 

1l 0i a 1a 0 1 31 l@ 0 1O 
0 J. I J. l

06004a m I ; IN II on 0 ,Io am J. 0o al, 0 +

0 ll 110 2;@ 0ll 0
I  

I 0 Il 0 0@ 0 0i 0

33 :1 Joe 3 *0 30 .1 0 '1;'

111 0I0 1 1l 0lO AI
o

100 1 0 0 0000

S 495 -1 1 --II I__ _
S 70 E 75 E 80 E 85 F Iq +



85 E 90 E 95 E 10O0 E 105 E 11l0 E

pSt Nol SO11 II a
I 

a
0 

I
0  

NO I
I  

No41 '
I  

in ON i~l Its
)

Ii1+ 11. lr. 11 11A. p
I  

" 
)

' se. a ON0 or
i

l

4 O4 40 St111 9 IpI II 31 0 1~ I 1 4 1 4 IS 4 1 is So a 1 2 f Ni I 1 14, 0

Iw IS 4) f' I+ a .
I 

m - ,, + a It
IS;~

i  
oe

I 
N

I  
get" .i 46I i+ IS: i 

I  
ISl

3I So0 1 1 ' 1 1 1 ,r, 0 1 So a.. It ai l 0i 0 ... . 1 to ! ' i I s 4 i s a.4,1, 0', ' a, ' I :" I' , . I I S I
II(

I 

IO IS I I I AS| 0I 1*' .". ' 4-1 , I1 i ' v . , , f ,

an~ ~ ~ ~~~ ~ ~ ~ I W ,. We. ...," '" s"" . I O O

oe4 F a 1 II I I t I I # I l I $ I e 6 31 0 9

IS S'0 

0 

1 0 IS I a k 0 0s 1 S 103 1 "

ii i i ii I iSO 01SipIsol i 
)  

W I l + I il I .. 14) m0 INS usl I i O N 04 
i  

I.. .. ISo .. . a ; .... . .. .. ', ,. .
o oO,; '-So '"' 'l We "4 0 am,. , m Po 1; '30 M.S N Sm NI' I

) 111I, ItS it I 1 0
I 

I I t Soli~ 5II11 II . I I II lI l 1 1 11 I6 l l 41 1

S4 I IS I1 3I I Is 0I so 0 w3 '0 % '14 | 1 oolsI II
0110 I

S

t - 11 I'10+ mlI 110114 : 0fl 111N.~ ll II . l
I 

:I ~ IS II
I  

M I n 301 iMi 041 SoI 0~ ll 31

..... , .... t .go ], i s .... I

ON I We m)l 0- 4-. -,) Sol 041 'P
I

N
0" V, 341 S)i t. II 

I 'I 

+ I .. II fl I

S, a al I I II I Ill 1 . I S .II I
I 

.
I 

. I I 11 I 
l 

I 
I  

)l+ I I

No .. ... . .IN , its PI .... , Us I No. 4 .... .. ,o l No 1 I)3 t I Ju !i' m 6 w e 1.10

0 p 0 1 1~ 1 
i  

1 1 1 1 0 0 4 6I 7O I } I6 1 I 6 a I 1 0 3 1 1 1 1 1 1a0l 1 l 11 I I
Setc0 I

0  

6 It I)-. IS 1 
o 

0 3 " 114011 I3 
41 

a 1 S 1 aII 0 01 0-Ii "" ' o

MI.4O IN 
e

t See
I  

I 30SIe 1* * 1 ON: ims~ II$ aI Us~ See a
l 

MWI !

10 , $ , 1 ', ', 3 1 1 1 1 1 , , IS' 1 ',i S
0 ,0 101 : 003: 0000 31

I I l IS + I IS 1 2 6 3 I 1 3 00 O I It I I I 1

I
1  

I
O 

2 1 13 0 1 0 1 1 I 
I 

. 1I eea 
I 

0 0 
o 
1 6 1 1aa 1 I1I '. I S

I  

I IS l 0 ISa o 1 IS !0 l I 
I 

0I al 0 ,10 04 14 *1o4 Se4 01

" 1 0' 0 ' . ," 1 a 0 1 0 20 0 a 0 Ia IS 0 1, +, 1:. I . ,,,1 1. . . IS I
I "l I I 0 I IS 4 " , w el 1 lI0 1 1 O l

i om I S IN .I 0 ON 0 .iN+f 
o 

111 IN 31's
I

ii I N I l I. if Seel I S IS I
O

41 1 I I m~ l 1; a 1 a a, a 0' 0 0' 1 1 10 1 1ai 4 0 1 0 I 0
IN NIN I,0 '0 V

No a No ON o ' ,,
0' a1 1 0 0 0 0 01 0 0 00 a '0 0

In' I° Io No I No, I M, See P++ m, . O, in I Its
a 1 6 0 1 III 1 0 1 0 IS 2 1 1 0 01 00 012 0 0

+ I dlN O I I
I  

ll 
0  

No mOI ll I 311

0 0 I S

I S IS IS

I
0

O10 00 I
0

01 a0 0 0 0

. .. ... 45 S
,I !14 0 0 0 a a10 a 0 I o 1 S 

I  
I I I I I 1 1 40 1 1

10 0 1 0 a a00 . 0 O 0 01 0 ISO00

0 
0  

00 vo00 Nt 1 0 :I 0 1 VO m

to 0 IS0 1 I S0 l 0 0 0 1 0 3 a SI 0 0

See0 .li0 0I IS
o 

311 el I, 0 0 
O  

I i

I II I
°

--o 01 "aIOl

1310 
0 at

I ...... 4q q
85 E 90 E 95-F T -+



70 E 75 E 80 E 85 E 90 E 95 E29 S .P , .It 10 1, 1, 1, 1-, - , . 1. 1' 11. 1 , 1 1. It " .I a a' I' ' ; '

at': '"' "0 1 ...: 1.,So . . oI, : So -.So 
1. I

I  

'.: i1 i I i 1 1 
! 

i l iI !
I 

i

1l 1, 1 v 0 1 11 i 1 1 1 1 1 1 1I 0 0 1i 0 0 4 1 1 1 1 t 1 
I  

1 0 1 1 1 41 a 
I  I  

a

mI 4I So I So I So So 0 toI t III 41' a' So So So o I SO | I So ta I m
6 

o  

II I 08 1 0 3 i
I  

I
I  

1O I1' 3 aI fI 01 4l a a1 6 1 0 I I l : i. $ 4 6

1I I
I 

1 0 1 I  

I
t al 

I
I a 0! 6

I  
i

I 40 

.

to...,: ... .: . , , : ; . .: . 1. ., It: a a a .
So$ Wall M$ 6l Si f I l t So 

I  
too4 0 

I  
= I so$ in Sit 0 mI aII MI af w I

IS S o a 4 o 0 We wo Se MO MS do me MS S 
'

i .f

as IS to Si to l So'0 S tsI.ISof.ai

35 S 
I10 14

I 
I I allIi 1

inO I S te o * .+ aO I O i 
O 

i nIitlet ~~ M. jai........ 
....... ... V

el21 a 3' 1 0 9 
a a

I
,+ , I 1 e+, I

,.~I I, , , ,, . , .I ' ,to , . ,.. + . . , .
It 3l 1I 

I: 

' 

0 ,1 .: I IG .O .l . 1 .1 . 1i 1 . 13 . . .. . I . a 
.

, 
I  

go: a
I  

. I 
: + 'l'

0 1 0 O i Y 3 4 00 
on S ol 

l O6 
S o1 n -I 

0 10 I I I i s . I I n 1 0
I 11 # 1 . 310 48" ? I a + 96 I 13 I i 0 i aI aI all I I I ii i aIa I I o L" "I ao <, + , + 6 . I ' 0 1 . .' ' 0 - o ' , I , + .L" . b ; , .+I0 00y I 1I 

41 00 0 0 AII IIII l

,,o~ r, ., ,=
on* I Oo* I q3 M I S$ Slin

ato ' o 'o 'v is I: a , a 0 0 1 1 1 1
a0ms t I So a"' . I ? * 1i , w ' I S I I I NI

40 5 3I m.a aI s3S t I

1 00 1 tai n m

0
o

*l 6 310 

0 
So

. I SoMl 3 10 6 o

4 95 ..i...



85 E 90 E 95 E 10E 105 E 110E

It " Ib 'I v' I e " 4 I

0 3 93 r3 I6 1i 03 1 1 3 13 0 4 31 404 1 1 Ic

MI as. see I, ma,. in, In sees soll asb I m ,, 0. e

a 1 3 33 T 4111 4 IS 03 33 al t 9 9 e 9 a m, a a a t j; 3 mm p~ 39
sit 0 9 99 94 0 0 is S 0 00 IS 1, 39 p$ 09 *-A 0~ rl 6 9 0 4)P4 41 303, 1 4 0

0 c po of 30 M : I 9 of M3 ml 34 ON 4 Ml 3 sel WS 1 0:1 'w Mo4 0 6 99 3 I

3 1 93 9 3. 13 s 10 IS 33 ml 39 03 IT9 0
so Ia 1e 0a 1 011 

0 
ag
1  

ml m' 0a a % ~ win m: , 1aC 1ma IF* in. 0 " s m . a 1~ 1mm . mi 11e 1 9 a I l it 1s

39' 91 I 1 I 6 1 1 I -t -1 a It Ila a 1 :11 a1 "m 3s 33 1,s:o 6 31 1 99 1 0* 1 0 9 l 43 .o .. ' l l ~ *.9~ ~ e 1 0** e

I I s : 0 9 3 9 J o e o n $ 91 m . 3l 0 0 13 i t 0 .90 is .a'm ' . 9 3e 4 9 s o 1s i n 9 6 0 ft a a s : -3 5
313 13 111imm 0 033 99619 3 3 3 9 0 m

mom 11: l mI to maa Ion mase i I m a m a mm Mo mMi mm)' ma a s IV 3" a
9 

W

i4 34 64 9 3 l 3 a a a a 4 , * l 3 3 3 e 9 9 3

S 3 13 33 .c 33 4 *4 r* 0 L
1
1 I . m ~ L 9 . * 1 1 9 3 3 I 9 4 9 * 9 9

' l is. I a on ma:I. . ma ma. m 9  m .p ma 1. mC m . 1 3  : a. M.
3  

ma Wa m lot see Imlto s 211

0 as A a a a1 m1 6 a, a N a a a i4 a3 I *4 39 cm mm 19 , 3
I - me 13 03 1 190 m 91 9 9m~~~.i I~ 1

m 5 me a ma ma a~ a. . .~.m.m~ 3 
I m I a m

3 
m a m a

3' 9 40 1... 1.. .~ e m ~ Y ~ . 9 i e 0 m . is :. ' 9 I9 99. .

99 3 03 0, mt a4 mo I p3 mm cm *9 * C 9 . II m1

: 'in, l 0. ~ m ml to m I . Its iss is main m
3 

mm m m I m a 
1 

wa 05 ma*30 w e

ai I 49 59 10 09 60 09 13 49 1 39 40S6IS 1 m mnI9 3
3 0 IS35 0 99 s 14 09 0 "10 4 '03 09 99 91 'l 0 0 1 1 9 90 09%

me M~ a9 99 1 l 0 4 0 3 so so I0 Mm mm Mo, '.61 Mo, m i 99 0s 91. me

of s 0 is, 10 M 405

e W, I~ we so. 90 -e 1.- .4. 10 0*0 s 0 4 9

ma m. 01 mm cm 90 a0 39 9C m e m u mc

0 6 39 a6 * 3 , I # 5 a

Il 90 00 99 00 99 09 99 9 9 9 09 0
vs. 01 *0 cm m ON 3 90 1 memMI

m0 I9 I 0 Mo 00 e

85 39 90 @0 E0 935 F ~ P



29 S g, 41.,, , , i s, F , 4 9. I 4, , t i a o 1 , 4; "s 7 ' ' 0 .0 0 al 0 o.11 9 1 1 1i 1 2 l I II1I 
l

1, ' '' 36' all ,e m 0 o P *1 0 I, al It '' '

I,, , ,, M I, ,. a. I. , n. .. A a n,-,,a

1 f 3 O t 4 s I a I 1 3 $ 1 1 4 1 0 1 3 1
I 

t 1 4 1a1

# ,110 * I 's I
I  

I
I 

0 1 I
# 

6l 41 6 o 111 04 1 14 1 1 i
I  

1 0I 0 l Is -@.1 -M I # ' A

We Me I W I no 21111 on 0 '0 Mi a p I0 jp 3 M 0 m 0 1 all as a

I "', ,, .a , . . .. -,. .P ., .. 1. 0.,. 1,., ...-. -. -. 2-It , , Ma o:-'f-ev o-~
./ , , , . .' ,' , , , o-,,.,, a 1

wee . eI n .1 .
n 

o noe [ We I M a- I o 1, m ai. I t 0 owa ma-In010t :M a MI W

ofII I II S @ al 1 AS I @' #' M.? ea" It' lel $1 I~i all I na

in,, ,, ml # . 1 01 We. , wo • . . low me ow - 4 Its&' w, It lot owl to
lotMI N I a0 6 a I I M 0 0440, o M e 3 at mIi oomm o 'w m I

I Oil O #1 1 9 s # o ,0 a
0,1 I ' I I v is 0 *0 ILl f 4 11 Oi 1 1 1 1 a I I a, I 0

3I 
° 

0l~ I
| 

It II 0 1 : or 6I 0 0 2l 2l

30"o orl wlio 0I 0.00n 3t elm -qt 'af-1ill .0 I-eI:" 
I 1

4 a1 a,- 4 0 1o I

0' 00 1 , 2. 21 * 1' 4' to 'I Is 1, 0' i I
I  

, :te ~~ ~ ~ / I a NO: ate .a .'' e31 1lM: la H . Its .
It I, me'. I w: 1, a I I me A 118I =1 ma oa We o

ION : ain-i ms- I' m.. 0 I .l It M .1 m I  mt wa.s al: m' in m ' .30 no ,' m0 i1 ... 1m" It* 0

.: I.. M:. ,. .. .. a f. o
O 10, 1 1 1 1 1 0 1 l I s 0 I11 11It 1 11 6 Is s I Is 0 0 10 1 0 1* 6 4

:3 1 6 Il I 1'i$I O ¢ 0 a11 a' "l 4 i0 a 0 1 1 0l 
.  

1 0 1 1 $ 11e
al lo 06 a IIS I15 we We le it Mo 3110 1*1 .10 l

1141 = 11" w .las M$ 00 at, go me 40 .1 , 1' Me Me Me. to i l 1i Ia Oo'1

I 
-

0 

I 
I l

e I I 
I

.

Ill iti 4 a 4 4 0 1 0We We a. M2.: ..: : .. .- : ,° . . .
1O#~~~~~~a at, IIt#•# O l i

, 45S u= ": " " le' at' " I.. "l'oo '
4w to 0 , , .:'

49 1 A I I



85 E 90E 95E 100E 105 E 110EIr Is . p, It a" 1 ' " " " " " " 1 11 I 9
I- :- "I I: "I.. I- Is,0llsel M "9i we'411 II " " som '.I we:. so "t ' e,"

d, °  ;30 0 0 'V 6 0 !0 " : I I 46w., .. 1. 4 4 > ':,: I s I,' o., I , 1, , 0: Is v:, . ,, . . , , . , , ,. ,
7! ,, 9 I I I - I0 9- IF As -v Io n- aI Is 0 0n 1o I yq 4. 114 4 6 0 4 1# IS i

IIv:. 48 1" '  :  ; " '' '':", . ,'" 1 ", " 1", "
D, o: somds e

111 1; aI~ SI Is aH~ S O 6 I I l aI~ 4 1 I 1 6 I 9i 4 1 o It

Vs s I es 0": me. sl o & n. we i , we ,o ,, 1. - Is I SP m0 115: e

kU i .4 
I 

I6- 6I- 1- aI Ii4 0 I III f1 60 0

# 0 1 *1 6 1 a II I
ea n ae in dl M S on o Wo I 1 .1.0

I? "a " ' "' i', '. " ', I, "., 1",.,10 a03 s I a a 4 J
0n o * iW : 1o- 1 1 - 0 iMs n I O io W e e s el l m :- im : isos e Is' ss is spe I. v's ii

I

I1 1 { 0 sl a a I 3 1 1 a I I 1i $0 0 1 sit h

1. m 1 I ,O I 
s  

m Ill. mI 3 isll mO a o w m : lm

w :- 0 0 411 a , u s e sl 0I m e . Is I' Ol 6 Isi 18 . 0 s , 3 0 go e is0 O O

i
I  

1i1 1 ,
I  

I I I I
0 

0 i 
I  

I j I I0 
I  

I 
o 

0 IS0 0 s
0  

Ii
o

8 1 1

1o 1 1,' 1 3 I I I 1

10 
0 

i
0  

1 0 aW aJ m! 1%41 I's 1 0J 4O i I

,m M 6 M 6 0 10 I )w ll 0 i

0m 1
e  

4 i I
o  

3e I 0 m0 
I  

361 m

4 6 1 10 1 . 0 o 0
°  

11 , 1 o a I I 3 °

i0 1 saI 1O i
l  

i 100 0a 
I  

I I$ 1 4141I
as ...... 40 51: .mm6 ; i

4
I 

i
0  

I
I  

1o I No a
I  

aa I a I s I 3 m 3

01 1 Ol o 0 0

a[ Is m 1o 1sI 3F 1
O~ 1Is

We 41o 1 4 1 I s Is M!'o a' 6°

L I 0 1.4
S 85 E 90E 9. F, inn F *111 r



70E 75 E 0E 85 E 9E929S 
90 

-
95 E~-- 

-- -- - - - - -sea 14 
3 a, a* , -vaa,led ? 6 ~ v # y ' . y I * s I. . . I 0 a S* A l a. 4. 1

I U ~ ~ ~ -
-

ms.. *l Is. Is s i* ,, ~ * me. s. 00, **A 14 , 00 a, 1n is.i 3 s* s.i 3  n:i
5~g. .,. 

o. for 
s is a a s S a~

V I A 
-- - wU

* 34IS 3W1 *. Wo. 54 L4 4 $5 -. OF as wr981

noa , t . s s .
es 

' a a 
a3 a 

a aI s -, ml INS =I, .0 a. l i.s . 0 iI ~ m iu . ,o~ ow . s. i. m: . . igoo me. se.j s.1 a sp'A

01-14 ? as' sus a r a a ga So S * a* .. 1* . . .*3 5 33 ii 5 Si 3 Ii 14 ii * i

It 314 01 go I's a. .. 
As * o, 

* 9 ~ ~me .0 is u wl sl i s
5 

. Me, -on: is' 0~ m: ,*is.s, m.ia W. is ia ia l
35S l gs 11641F w 103 a13 a , is $ o i 3* I s5~ s, a a a a a 0

=3~~~a Mog Mr.. 3ma. oe *A
al 0 0, 00. age ao'o, a s

a a a a a

ai s a "A 0 & aa i a A.
is, as .a is : m V-811S

-- - -- - -- - -- - -- - -- -- 11-- - m-em

~ ~ ~ ~ . 3'A ~1 T 
1 , me 'So 43L.4 44a . S. III a . sa wo,., s ,. a, ,i : : ml, s is , a' s l 3 a 

3  
aIs: "aa a $ a ". a. a, Mmi l ee- SI * us o UP U. g I s a 4 2, e ef* - -9 -- F 1 ,~ s 4 ai m 4 7- 1* 4 1 4 4 4 4 3 4 1

is is We 43 03 04 Ar so 13 
44, 06. 1 43 It

a, ' 6 1as 0 4041-4 M 6 0- 0 14 a, M o. I4 44. fW*. " - 00 43 4a 34 33 4 4 3
. 9 . ~ 4 . 4 ~ 3 . 4 4 S . ~ 4 . ~ 3 4 4 4 4 .4 0 10 11 4 1S 4 4- M 04 N o . 'o n .

IIo 44. 'Va So 3 53 43 3 * 3 34 1 Is 3 4 3 i
isn. o- me,.s s,

3 a- a-Mo*:! isn . is Now. a~ ~s,,. iss i "C ier is1
3

1 so' is 
4  

ms e i* * s a, ms. a
------------------------------------------------------------------------a. i ~ * ~ i 4 1 34 4 4 413,3 3 3 i 4 4 34 35 # 3 4~1l i,4 34 3 44 33 3 4 4 3 44 0 0 34 4 4 44 44 4 14 I 4 4 i 4g4

S3 44 4 i 3 . 3 4 is 4 53 4 1 43 so 43 4 i4 il 1 s Is 3IV, .,i 
4  

.* me a a IV' is
4  

set SO: 61, 1s uS 0s w4 as 2, a
4  

is6s s a

*6 a. of Il 10 1 ' ' 3 41 14. 4 G 44''43 3

13 43 14 10 5 4 43 .1 4 6 3 3 S i 3 3 4 4 1IS O ' w O Is $ a s4 M a I .o f opi @e $ W e ~ 1 . * s i. 3 I S , 3s . s s s s . s , l i

-e Se -e Se se
4 

3s 3s. 1 43 .4, 9* 1 ~' 4

- - -
S,31 

4. .
a' 

' 
se I3 3 34 as 4 " n o up I4 IN a35 4 4~3 4 6 4 4 4 4 4 4 4 4 4 4 4 4 4 4 .I 4 I1,3 41 41, 44, 43 

3I 41 41 Ii4 I O
ao s o, Se e Se s s ge i O W s M s is as 0s 1a 0s* m 4  

1s is 1s 1s i a 
4  

1 is

i. 3 r 
4 4 3i, - - - --

4 1 4 ,4 3 4 . 46 34 , 
34 14 44 45 4 14 6 , 3 44 41 a Ii ' al' lie a 0s i 

4 4  
a' 0 ml02 a a 

4 
1s is

4 
G3 0494 so. se.7 o a o I a a0 tt at0 S,6 n 13 NI o



85 E 90 E 95 E 100QE 106 E 110E

0 so a S . 1 4 4 1 6 46I vV 9
Nia.Ia.tt, a.aa a. ~ a.* m, m, , a. :maea.w, ama o. ossin, .m , 4, ma,. mW, I a m o.

* a . a a , S 4 a a, S, Is" a a to 3053
"A it %& at 't' 4~ 0& Ist '. s I "k Il 'v 6~ *4 V*S x~ 16 L, I mI I va

MIP to tt 61101 la4mw4 W a NOO WsA W" 4 '14U SU U3 4

Isis as a 6a 44 a -J 6

a' 8 . I - M .t aR M V .m: mewo m00-0 ott111'e .

£ 1 .it 1 3. 4 I Ow los. WSU Mo 4O- 11011, Meea a N 4 U N t 4 .ii4 k ~"411 0- "41-1 0*.. .6?s 0110 . 4 60 . 4 We 6I.6 .6 6~h S i .s~g * .

dw,. W, , a'. 30a. a. a.m, a, nri : m, * m

~~~~~a VI * *t~~Vi .t. a a. ai 35

l" to V a41 0 0 o a, a a N a a IF I, at it a. sl s * t1 6 4 It ii

1* I 4 no ls .0 .v~ 0 .v 4 $14 IV. 4 44 3 at tI a I as a. tj, t s s

a,* m, me w ~ 36 :- M,. I~ wn 
m i#

-0 - a, 130 a , 4 a a , a , , a t 6 It .sm 1 Si a., a so t

a a~ W a w MI s a go 30 iaso us Ii
a, a, 4 63 a, 4 a, It, I In a nI t t 6 O u s t at a a 5 t a i a t

a1 a t s i s I o Is a s i i I I

~~ a, aV ma, 36 Is

a -* Is aIs s t i 
6 

. s i 5 * . a i a s * t

a, m i ,,*, i ,ot. *, m, ' ii,,t Mt Ia~, all I* W' it' ~ ~ 6  
1 too ~i * ,

0 I 'llw

11-1t17y itO'14 0f it, 6 gal in l6 3t Ito =11 in' 64 ts it W6 1s ta to Stto t as s a 6 is sit

a ~ t .. 5 t O a O ti t as a0 6 0 a6 6 0 t O s o Is to at s o 1t 0 sit6
* 65 Ot 1 t1 06 35 1 St 0 14 1i Os St it ta a1 a, 1 os 1 ta 2 Ot 1 014a I a it3 *i t1 Is o is s1 a

2 6 63 V2 6 0 . W5 l t7O, top M is soI as itlt M I At 40 I oa i# 1 t n o it tn 1 to3 a's a, w

5~~ 1t 1t isI t i i i i i O * iS t 06 1 4 i St 1t 0 6 t1 S

tt 613 0 to 00 2 1 a, t3 tO a6 to @ 4 66 06 6 60 O 66 06 t tI I 66 66
Me a, alt ii '. 6n. it. 15 .00 all Os 4111: no as ot is ot 0atii t IN at It Wa

as, i t1 t1 1s 0s to a1 t t s a. at a at i ta o so 1o 1o at o t 0 a
a5 it t 0 iS 10 60 it 16 ia 6 0 5 6 6 O t 6 t 0 0 6 5 0
I 1t *0 *0 *6 *6 ta *6 *0 m ~ a 0 m 6 iS It m tao 4w 6a~ At m aa a

2o 3 S t 36 00 t1 t 50 3t 00 06 36 16 it 00 t4 36 66 05 it 50 t3 t tO 46 it 60 Si3it t Is it at 1i 1i t 55 itst 03 ai s 1a at ot S t 1 ot is a t sa a sipi A~ *6 0 0S 1n ito at 2 
1
~ 36 1 W

0 
itt 0o 1t Mt att 18 mi a, ia m

0  
1 "6 .ti to " .* I

00 ~ ~ '4 tm 5 n0 65 S 0 tO ~ o tm 05 tQ I G6 0 5 6 s i00 5 0 0 oai

.t 1t 1 s Os 3t ti Qt it is Ist ii it 3* t a 5 St tt Si St 05 6 tt 3i
*0 I0 ai Itt Is. I 0S0 1t 2 *0 j 41 1 a *0 *3 *0 *A0 ta it 3a, 0~ 1tt *0 *0

0o( St o't * .. ao awl 00 03 00 a i tn, .4 @0200 00 2t 0 I 0 to Aa a

3 30 to it 4 i a to t t iI iIta 
t

a0 00 0 a @0 0 0 a0 it 06 O 55 50 0 5
*0 10 *1 mi 1a, i 0 1 3 0 *wI3 'lOe 01 0a 0t sil O' s O

i it OS 1 60 03 0 0 t t 3 toita

85 E 9



DISTRIBUTION LIST

NAVY PRIVATE & UNIVERSITIES

CINCPACFLT (02M) FLORIDA ST. UNIV.
COMTHIRDFLT LOUISIANA ST. UNIV.COMSEVENTHFLT MASS. INST. OF TECH
COMSUBPAC ORE. ST. UNIV.
COMNAVAIRPAC TEXAS A&M UNIV.
COMP ATWINGSPAC UNIV. OF MIAMIPATWINGSPAC DET ADAK UNIV. OF R.I.
PATWING I UNIV. OF WASH.
COMNAVSURFPAC SCRIPPS INST OF OCEANOGRAPHYDIRNAVOCEANMET WOODS HOLE OCEANOGRAPHIC INST.
FLENUMEACEN
FLEWEACEN GUAM FOREIGN
FLEWEACEN PEARL HYDROGRAPER/R.A. N.NAVWEASERVFAC SAN DIEGO DEPT. TRANSPORTATIO/AUSTRALIA
NAVWEAS ERVFAC YOKOSUKA
NUSD ASHEVILLE
NWSED ADAK
NWSED AGANA
NWSED ATSUGI
NWSED KADENA
NWSED MISAWA

OTHER GOVT.

NOAA/NODC
NOAA/NCC



VZUONlY CLAWI$PCATIOq Of 7..,. *P4 fW4 00e 900"0__________________

REPORT DOCUMENTATION PAGE 019,4_______________

2100 SF1404-IN? LO

4TITLE (MOS5p S 7Typ Or 'REPORT 6 09000 COV9840

SURFACE CURRENTS Final
SOUTH CENTRAL IND0IAN OCEAN S 0900POSWSWG 0014 REPORT M r'I(

savaCl Oceanographic Office
NSTL Staticn, MS 39522

0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L 0900MN 7OMATO 14A0 A01 A6148 ffO I"

Naval Oceanographic Oiiic

11 COSS7SOLLING F091C NMEU ASSVINI 13011 69A DATE? *

September 1977
11 OUI"eSOf' PAGES

14
14 WOMITOMING AGENCY WAVE G A004966005 A5S5 ' fm 0A$* 5Q4 *) 16 SECURITY CLASS (45U*e'M

II frkAgSf IC AT4IOM0o0wsSA*1;

Approved for public release; distribution unlimited.

17 04STRISUTION STAiMIMT (.ilkAUS AfA5*~ A.O 55A5.. A.Ap44)

1S StPPLIMINMTAMS' 4071$

is ICC. .; Os (C~rs...... "Moo. $4* II..oA... AS'fif by.sa 40-a * A0

Surface Corrents
South Central Indian, Ocean

30* AMSTACT (Cif I WS 10-S #A
5

* It ACScAft Id"Hfp SY 61"k 0'0.)

_PThis atlas, and the series of which it is a part, Is computer pd~erated
and automatically plotted. It makes available to the user the 0s03t recent
surface current data collected Pnd will be updated whenever sufficient
amounts of data art added to the data file. This and the other atlases are
based on a vast quantity of data as compared to the previous Qanually-
compiled editions printed in the mid-thirties.- - .-

DoOQ"7 147I 1057504 Of I NOV 4$1S 08$*%.tTg



~.'('UolT CLUMOICT14M Or Tts "AG(Ok Dtt 00101.4

~T esurface current Information Is based mainly on ship drift, which
is the difference betweeen the dead reckoning position and the positioni1determined by any type of navigational fix. This difference dercriboe

*4tthe direction and speed of the current.


